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ELECTRONIC DEVICES WITH FLEXIBLE
DISPLAYS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/467,657, filed Aug. 25, 2014, which
is a continuation of U.S. patent application Ser. No. 13/171,
295, filed Jun. 28, 2011, now U.S. Pat. No. 8,816,977, which
claims the benefit of U.S. provisional patent application No.
61/454,894, filed Mar. 21, 2011, all of which are hereby
incorporated by reference herein in their entireties.

BACKGROUND

[0002] This relates generally to flexible displays, and more
particularly, to electronic devices with flexible displays.
[0003] Electronic devices such as portable computers and
cellular telephones are often provided with rigid displays
made from rigid display structures. For example, a liquid
crystal display (LCD) may be formed from a stack of rigid
display structures such as a thin-film transistor layer with
display pixels for providing visual feedback to a user, a color
filter layer for providing the display pixels with color, a
touch screen panel for gathering touch input from a user, and
a cover glass layer for protecting the display and internal
components.

[0004] Conventional devices may also have input-output
components such as buttons, microphones, speakers, and
other components. Openings are commonly formed in the
housing of a conventional device to accommodate operation
of these input-output components. For example, openings
may be formed in a device housing to accommodate speaker
and microphone ports and openings may be formed in a
display cover glass layer to accommodate a speaker port and
menu button.

[0005] The inclusion of these openings to accommodate
input-output components may not be desirable. For example,
the presence of openings may be aesthetically unappealing,
may raise the risk of damage from environmental exposure,
and may reduce the amount of active display area that is
available to display images for a user.

[0006] It would therefore be desirable to be able to provide
improved electronic devices.

SUMMARY

[0007] Electronic devices may be provided with flexible
displays. The flexible displays may be composed of one or
more flexible layers and may be mounted on top of or under
a cover layer. For example, a flexible display may be
mounted on top of a rigid support member or may be
mounted on the underside of a rigid cover layer.

[0008] Electronic devices may also be provided with user
interface components (input-output components) such as
buttons, microphones, speakers, piezoelectric actuators (for
receiving electrical input from a user or tactile feedback to
users), or other actuators such as vibrators, pressure sensors,
and other components. These components may be mounted
under portions of a flexible display.

[0009] During operation of the electronic device, the flex-
ibility of the display may allow a user to interact with the
component through the display. For example, sound waves
from a speaker or localized vibrations from an actuator in an
electronic device may pass through the flexible display. The
flexible display may also allow an internal microphone,
pressure sensor, or force sensor (or other internal compo-
nents) to receive external input. For example, a user may
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deflect a flexible display using a finger or other external
object, barometric pressure may be monitored through the
flexible display, or sound waves may be received through the
flexible display.

[0010] Components may receive input or may supply
output through a physically deformed portion of the flexible
display (e.g., a deformation that occurs when a user presses
on the display to compress the component). In some con-
figurations, a portion of the flexible display may serve as a
membrane that forms part of a microphone, speaker, pres-
sure sensor, or other electronic component.

[0011] The ability of a user to compress a component such
as a button switch by deforming the flexible display may
allow the area of a device available for visual display to be
enlarged. For example, the active area of a flexible display
may overlap a component such as a button or speaker.
[0012] If desired, a flexible display may be deformed by
an internal component to provide audio or tactile feedback
to a user. For example, structures inside an electronic device
may be pressed against portions of a flexible display to
temporarily create an outline for a virtual on-screen button
or to temporarily create a grid of ridges that serve to
delineate the locations of keys in a keyboard (keypad).
[0013] Further features of the invention, its nature and
various advantages will be more apparent from the accom-
panying drawings and the following detailed description of
the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a perspective view of an illustrative
electronic device with a flexible display and internal com-
ponents in accordance with an embodiment of the present
invention.

[0015] FIG. 2 is a diagram of an illustrative set of display
layers that may be used to form a flexible display in
accordance with an embodiment of the present invention.
[0016] FIG. 3 is a cross-sectional side view of a portion of
an illustrative electronic device in the vicinity of an internal
user interface component in accordance with an embodiment
of the present invention.

[0017] FIG. 4 is a cross-sectional side view of a portion of
an illustrative electronic device in the vicinity of a button in
accordance with an embodiment of the present invention.
[0018] FIG. 5 is a cross-sectional side view of another
embodiment of a portion of an illustrative electronic device
in the vicinity of a button in accordance with an embodiment
of the present invention.

[0019] FIG. 6 is a cross-sectional side view of a portion of
an illustrative electronic device in the vicinity of an audio
component in accordance with an embodiment of the present
invention.

[0020] FIG. 7 is a cross-sectional side view of another
embodiment of a portion of an illustrative electronic device
in the vicinity of an audio component in accordance with an
embodiment of the present invention.

[0021] FIG. 8 is a cross-sectional side view of yet another
embodiment of a portion of an illustrative electronic device
in the vicinity of an audio component in accordance with an
embodiment of the present invention.

[0022] FIG. 9 is a cross-sectional side view of a portion of
an illustrative electronic device in the vicinity of an actuator
such as a piezoelectric actuator in accordance with an
embodiment of the present invention.



